Bacteria regulate their social activities and physiological processes through a quorum sensing (QS) mechanism. Many bacteria inhabit the mesohyl matrix of sponges. This symbiotic relationship is believed to contribute to the health and nutrition of sponges by production of protective antibiotics, the acquisition of limiting nutrients and nitrogen fixation. Marine isolates were analysed by bioassays using two different acylated homoserine lactone (AHL) reporter bacteria Chromobacterium violaceum 026 (CV026) and Agrobacterium tumefaciens KYC55. Thirty four marine isolates activated the A. tumefaciens and produce blue color. Using degenerate LuxS primers, partial LuxS gene sequences were detected in both Gram-negative and Gram-positive species including Bacillus species, Proteus species, uncultured Bacterium species, Micrococcus species and Bacterium NLAE-zl-H221. Using degenerate LuxR primers, partial LuxR gene sequences were detected in Proteus spp., Providencia species and Bacterium NLAE-zl-H221. Partial LuxS gene sequences were detected in both Gramnegative and Gram-positive. The results thus assure the fact that LuxS gene has been proposed to be a universal interspecies signaling molecule. This study showed that, Proteus mirabilis strain SZH18, Proteus vulgaris and Bacterium NLAE-zl-H221 have both luxS and luxR genes, thus it was claimed that these isolates have the potential to use two different QS systems, for intraspecies communication and communication with other species.
INTRODUCTION
Quorum sensing (QS) is a term created to describe an environmental sensing system that allows bacteria to monitor their population density (Nealson et al., 1979; Fuqua et al., 1994) . The monitoring function is achieved by cell-to-cell communication via small signal molecules (Camilli and Bassler., 2006) . It is obvious now that many bacteria regulate their social activities and physiological processes through a quorum sensing mechanism, including symbiosis, formation of spore or fruiting bodies, bacteriocin production, genetic competence, programmed cell death and virulence. Furthermore, quorum sensing plays a pivotal role in the regulation, control and *Corresponding author. E-mail: ahanora@yahoo.com or a.hanora@pharm.suez.edu.eg.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License formation of biofilm (Miller et al., 2001; Schauder et al., 2001a; Waters et al., 2005; von Bodman et al., 2008; Moghaddam et al., 2014) .
Quorum sensing mechanism can be divided into at least 4 steps: (1) creation of signal molecules by bacteria;
(2) the bacteria release these signaling molecules into the neighboring environment; (3) specific receptors recognize these signaling molecules, once they exceed a threshold concentration, resulting in four changes in gene regulation (Sifri, 2008; Galloway et al., 2010) . Up on QS induction of gene expression, the synthesis of proteins involved in the signal molecule production is increased, thereby augmenting the synthesis of the signal molecule that results in a positive feedback loop. That is why QS are called autoinducers (AIs) (Sifri, 2008) .
According to spectrum, AIs are divided into two categories: AIs type-1 or AI-1, which is species-specific and mainly intended for intraspecies communication. AIs type-2 or AI-2 which is not species-specific and acts as a universal language that enables bacteria to communicate with other microbial communities (Parsek et al., 2000; Fuqua et al., 2001; Xavier et al., 2003; Vendeville et al., 2005; Xavier et al., 2005; Schuster et al., 2013) . Based on their chemical structures, AIs can be categorized into (Bassler, 2002; Winzer et al., 2002; Lyon et al., 2003) : (i) Oligopeptides, which are mostly used by Gram-positive bacteria, e.g., autoinducing peptides (AIPs) in Staphylococcus aureus;
(ii) sugar-like dihydroxypentanedione derivatives (DPD), e.g., AI-2 in Vibrio harveyi, which has been identified in both Grampositive and Gram-negative bacteria and functioning as a universal interspecies signaling molecule (Bassler et al., 1997) ; (iii) N-acyl homoserine lactones (AHLs), which are produced by over 70 species of Gram-negative bacteria (differences within this subgroup occur in the length and oxidation state of the acyl side chain; and (iv) other signals that comprise the Pseudomonas quinolone signal (PQS) (Gallagher et al., 2002) , 3-hydroxypalmitic acid methyl ester (Garg et al., 2000) , bradyoxetin (Loh et al., 2002) , the Vibrio cholera autoinducer (S)-3hydroxytridecan-4-one (Higgins et al., 2007) , AI-3, that is used by enterohemorrhagic Escherichia coli (Sperandio et al., 2003) .
AHLs are biosynthesized by members of the LuxI family of AHL synthases using the substrates Sadenosylmethionine (SAM) and an acylated acyl carrier protein (acyl-ACP) (Parsek et al., 1999) . LuxR family members are transcriptional regulators, whose DNAbinding activities change upon ligand interaction, leading to modulation of target gene regulation in response to AHL accumulation (McClean et al., 1997) .
AI-2 is produced from the precursor Sadenosylhomocysteine (SAH) by the sequential enzymatic activities of 5´-methylthioadenosine/Sadenosylhomocysteinenucleosidase (MTAN) (also known as Pfs) and the metalloenzyme LuxS (Schauder et al., 2001b) .
Marine sponges harbor complex microbial communities Yahia et al. 1689 of ecological and biotechnological importance (Hardoim et al., 2014) . The high density and diversity of microorganisms in the mesohyl matrix likely promotes various forms of interactions between the microbial players and also between microbes and the sponge host. This hypothesis is supported by the identification of QS signaling molecules like AHLs that were found to play a role in sponge microbe interactions (Abdelmohsen et al., 2014) . Sponges have been the focus of much recent interest due to two essential factors: (i) they develop close associations with a wide variety of microorganisms and (ii) they are a precious source of biologically active secondary metabolites . Sponge-microbial association have numerous benefits to sponge which involve nutrient acquisition, stabilization of sponge skeleton, processing of metabolic waste, and secondary metabolite synthesis (Hentschel et al., 2002) . It is thought that symbiotic marine microorganism harbored by sponges are the original maker of these bioactive compounds (Proksch et al., 2002; Zhang et al., 2005; Newman et al., 2006; Radjasa et al., 2007; Thomas et al., 2010) .
The discovery of QS signal molecules like AHLs that were found to have a crucial role in sponge microbe interactions (Taylor et al., 2004) , and production of chemical defense compounds which are thought to be important mechanism for microbial survival, intensified interest in researches involving sponges (Piel, 2004; Flatt et al., 2005; Proksch et al., 2010; Freeman et al., 2012; Abdelmohsen et al., 2014) . Cultivation-independent methods involving 16S rRNA gene library construction, denaturing gradient gel electrophoresis (DGGE), fluorescence in situ hybridization (FISH) and, more recently, amplicon tag sequencing, provided new visions into the microbial diversity of sponges (Schmitt et al., 2012; Simister et al., 2012) .
Regarding specificity of sponge-bacterium associations, early studies showed that each marine sponge hosts specific microbes . Some of the evidence for specificity of sponge-microbe association include the fact that giant groups of microorganisms which are harbored by sponges within the mesohyl matrix are phylogenetically distinct from the adjacent environments of seawater and sediments; and secondly, the presence of sponge-specific 16S rRNA gene clusters (Fieseler et al., 2004; Hentschel et al., 2006) .
The objective of the present study is to determine the identity and phylogeny of the bacteria isolated from the sponges utilizing 16S rDNA gene sequencing and to survey the production of AHLs by these bacteria.
MATERIALS AND METHODS

Sponge collection
On February, 2014, 7 different sponges were collected from the Red Sea, EL Tor, Sinai, Egypt at GPS location (28°13'42.8"N 33°37'19.4"E) at a water depth of 2.5 m. Each sample was packed in a separate plastic collection bag and maintained at ambient seawater temperature.
Sample processing
Immediately after collection of sponges, each sample was rinsed with sterile artificial sea water (ASW) to remove any transiently associated bacteria. Sponge tissue was ground in sterile mortar with sterile ASW and thoroughly ground for 2 to 3 min and ten folds serial dilution were made. 100 µl of each dilution was streaked on Difco marine, R2A, ISP2 (Webster et al., 2001) , starch casein and M1 agar (Mincer et al., 2002) plates and incubated at 30°C for 2 weeks in aerobic condition. Frequent observation was done every week and colonies with distinct morphotype were picked and plated on successive plates until pure cultures were achieved.
Bacterial strains, media and cultivation conditions
Bacterial isolates were grown in ISP2 medium (Yeast extract, 0.4%; malt extract, 1%; dextrose, 0.4%; NaCl, 2%; and agar, 2%) and the R2A medium (Difco). The R2A is supplemented with antibiotics, 10 µg/ml Nalidixic acid and 25 µg/ml Nystatin. Chromobacterium violaceurn CV026 is a mini-Tn5 mutant of ATCC 31532 Throup et al., 1995; Winson et al., 1995) and was grown at 28°C under constant agitation in Luria-Bertani (LB) medium supplemented with the antibiotic Kanamycin, 20 µg/ml, overnight with sub-culturing every 3 to 7 days (Ravn et al., 2001) . Agrobacterium tumefaciens KYC55 (pJZ372) (pJZ384) (pJZ410) was grown at 28°C under constant agitation in AT minimal broth supplemented with appropriate antibiotics (Tempé et al., 1977) . Antibiotic concentrations used for KYC55 were as follows: 100 µg/ml of Gentamycin, 100 µl/ml of Spectinomycin and 1 µ/ml of Tetracycline (Zhu et al., 2003) . All isolates were stored at -80°C in their media supplemented with their appropriate antibiotic and 30% glycerol.
Molecular identification of bacterial isolates by 16S rDNA gene sequence analysis
Colonies with distinct morphological appearance were taken as a representative samples. Single pure colonies of each selected isolate were transferred to ISP2 agar plate and incubated at 30°C for up to 7 days until a healthy colony size was obtained. DNA was extracted from isolates using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA, USA). Isolates were stored at -80°C in ISP2 broth supplemented with 30% glycerol. 16S rDNA gene was PCRamplified using universal primers 27F and 1492R (Lane, 1991) . PCR cycling conditions consisted of 94°C for 5 min followed by 30 cycles of 40 s at 94°C, 30 s at 52°C, and 1 min at 72°C. A final 7 min extension step was done at 72°C. PCR fragments were extracted from 1% (w/v) agarose gels with a QIAquick gel extraction kit (Qiagen, Valencia, CA, USA) and sequenced with 27F primer. Sequences were visualized and annotated using the Applied Biosystem Automated 3730XL DNA sequencer (Macrogen, Seoul, South Korea). 16S rDNA gene sequences from isolates were analyzed using the BLASTn tool at the National Center of Biotechnology Information.
Amplification and sequence identification of partial luxS and luxR genes sequences
Based on 16S rDNA alignment results, conserved DNA sequences found in the luxS and luxR genes of closely related strains in the public database were used to design oligonucleotides to perform PCR reactions for the purpose of confirming the presence of luxS and luxR genes in the isolates described in this study. For the reverse primer, the DNA sequence is converted into the reverse complementary strand (http://www.bioinformatics.org/sms/rev_ comp.html). Primer sequences were checked for melting temperature, GC content, hairpin structure, potential self-dimer and hetero-dimer potential using the online calculation tool primer analyzer software (IDT SciToolsOligo analyzer 3.1 hosted by integrated DNA technology website) (Table 1) . Using BLASTn tool (http://www.ncbi.nlm.nih.gov/), the candidate primer sets were checked for their specificity. PCR mixtures consisted of 25 µl containing 12.5 µl master mix (EmeraldAmp, Takara, Otsu, Shiga, Japan), 1 µl each primer and 30 to 50 ng of genomic DNA or distilled water as a negative control. PCR cycling conditions for luxS and luxR gene amplifications consisted of 95°C for 6 min, followed by 35 cycles of 25 s at 94°C, 1 min at 72°C. A final 7 min extension step was done at 72°C and the appropriate annealing temperature for each isolate was used for 25 s. The PCR fragments were purified using QIAquick gel extraction kit (Qiagen, Valencia, CA, USA) and sequenced as described earlier for 16S rDNA gene fragments.
Phylogenetic analysis of 16S rDNA gene sequences
The results of BLASTn for 16S rDNA sequences were retrieved and aligned with the sequences of bacterial isolates using ClustalW embedded in MEGA 6 (Molecular Evolutionary Genetics Analysis) software (Tamura et al., 2013) . Phylogenetic analysis was conducted based upon 16S rDNA gene data using Maximum Likelihood analyses (ML). Alignment gaps were treated as missing data. ML analysis was conducted using a heuristic search with tree bisection-reconnection (TBR) branch swapping and 100 random addition sequence replicates. Statistical support for the internal branches was estimated by bootstrap analysis based upon 1000 replications (Kimura, 1980) .
Preparation of bacterial crude extract
One milliliter of each isolate culture medium was taken as an initial inoculum and added to 100 ml of ISP2 or R2A broth and kept in a shaker incubator (100 rpm, 28°C) for 3 to 5 days or until the OD600 value reached 1.80. The culture was centrifuged at 5000 rpm for 15 min and cell pellets were discarded. The supernatant was mixed with 100 ml of ethyl acetate (acidified with 0.1% acetic acid or 0.5% formic acid) (1: 1 ratio) (Ravn et al., 2001) and shaker incubated for 10 min. The mixture was allowed to stand for 5 min in a separating funnel to get two immiscible layers. The organic layer was collected in a sterile container and the remaining aqueous layer was extracted twice as described earlier. The entire organic layer was pooled and dried by Roto vap instrument with a help of vacuum at 30°C. The dried residues were dissolved in acetonitrile (ACN) and stored at -20°C for further analysis (McClean et al., 1997) .
Bioassays for AHL synthesis
Isolates were tested for the production of AHLs with two bioreporter systems, each with different optimal sensitivities to short-chain and moderate-chain. The A. tumefaciens KYC55 (pJZ372) (pJZ384) (pJZ410) reporter expresses a LacZ fusion most strongly in response to medium-chain-length AHLs (C6-C12, although weakly to C4), with limited distinction of AHLs carrying a hydrogen, a hydroxyl or a carbonyl as the R-group at the β carbon (Zhu et al., 2003) . C. violaceum 026 (CV026) derivative produces the purple pigment violacein in response to fully reduced short-chain AHLs (C4-C6 side-chains) with hydrogen as the R-group at the β carbon (McClean et al., 1997) . Cleavage of 5-bromo-4-chloro-3 indolylgalactopyranoside (X-Gal) (Promega, Madison, WI, USA) and blue staining of KYC55 or purple pigmentation of CV026 within the agar was scored as AHL production positive. 
Well-diffusion assays
AHL extracts were screened for AHL contents in a well-diffusion assay by adding an AHL-containing solution into the well of an agar plate in which the bioreporter strain was inoculated. The agar plates were prepared as follows: a pre-culture of CV026 was grown in LB for 24 h at 25ºC with aeration and 1 ml of the pre-culture was used to inoculate 50 ml LB. The culture was grown for 24 h at 25°C with aeration and was poured into 100 ml LB-agar (1.2% agar) maintained at 46°C. For KYC55, 1 ml of overnight culture of KYC55 was added to 50 ml of AT minimal medium (Tempé et al., 1977) that was grown at 28°C under constant agitation overnight and was poured into 50 ml AT minimal medium (1.6% agar) maintained at 46°C. X-Gal was added to a final concentration of 60 µg/ml. The agar-culture solution was immediately poured as 20 ml portions in Petri dishes. Up to 60 µl AHL extracts were dispensed into wells (6 mm) punched in the solidified agar. For CV026, the plates were incubated at 25°C for 48 h then examined for purple pigmentation. For KYC55, the plates were incubated at 28°C for 12 to 18 h, and then examined for blue coloration. The media was supplemented with relevant antibiotics (Ravn et al., 2001) . Sixty microliters of 3oxo N-hexanoyl-L-homoserine lactone (Sigma-Aldrich, Germany) with the concentration of 50 µg/ml was dispensed into wells and used as positive control.
Streaking assay against CV026
The strain to be tested for induction of C. violaceum CV026 was streaked on a 9-cm LB agar plate in parallel to the monitor strain. Plates were incubated for 48 to 72 h at 30°C before CV026 was streaked. Plates were re-incubated at 25°C for 24 h. Violacin production was read as an AHL-positive response (Ravn et al., 2001) . Positive control was made by streaking 3-oxo N-hexanoyl-Lhomoserine lactone (Sigma-Aldrich, Germany) instead of the tested strain.
Double-layer plate method with KYC55
A double-layer plate method was established to detect AHL-related compounds by using the ultrasensitive AHL biosensor strain KYC55. The agar plates were prepared as follows: cultivation of the marine isolates on either ISP2 Agar or R2A agar and incubation at 28°C for up to 7 days until a healthy colony size or batch of growth was obtained. The detecting culture mixture was prepared by combining 50 ml of overnight culture of KCY55 with 50 ml of 2X AT buffer and 50 ml of 1.5% liquefied agar. X-Gal was added to a final concentration of 60 µg/ml. The detecting culture mixture was overlaid evenly to a thickness of 0.3 cm on the marine isolates agar plates. After the upper layer of agar had solidified, the double-layer agar plate was incubated at 28°C for 12 to 18 h, and then examined for blue coloration (Han et al., 2010) . Fifty microliters of 3-oxo N-Hexanoyl-L-homoserine lactone (Sigma-Aldrich, Germany) with the concentration of 50 µg/ml was inoculated on R2A agar and used as the positive control; R2A agar without supplements was used as the negative control.
RESULTS
Molecular identification by 16S rDNA gene sequence analysis of bacteria associated with sponges
Eighteen bacterial isolates with distinct morphological appearance were taken as a representative samples from a total of 66 isolates to be identified by 16S rDNA sequence analysis, using the BLASTn tool of the National Center of Biotechnology Information (NCBI) ( 
Amplification and sequence identification of partial luxS and luxR genes sequences
Based on 16S rDNA gene sequences analysis results, the designated primers for the amplification of luxS and luxR genes for the identified species succeeded in the amplification of luxS and luxR genes. The PCR amplicons varied from one species to another. For luxS gene, amplicons were 120 (isolates no. 26, 55, 69Y, 78, 22) or 350 bp (isolates no. 1, 30, 49) . For luxR gene, amplicons were about 500 bp (isolates no. 1, 2, 9, 22, 28, 30, 49) . Sequence analysis of both luxS and luxR genes by using blastx tool at the NCBI revealed that Bacillus cereus strain RE01-BS05, Bacillus spp. BDU13, Proteus mirabilis strain SZH18, Bacterium NLAE-zl-H221, Proteus vulgaris, uncultured bacterium clone nby276h06c1, Micrococcus yunnanensis, Micrococcus spp. SBR24 and uncultured bacterium clone nby397c12c1 were proved to have luxS gene. P. mirabilis strain SZH18, P. vulgaris, Bacterium NLAE-zl-H221, Providencia vermicola strain CGS6, P. vermicola strain JK0216S, Providencia spp. BAB-5310 and Providencia spp. UN29 were proved to have luxR gene (Tables 3 and 4) . The luxR gene sequences were submitted to the GenBank database Bacillus stratosphericus strain SH150 (KC172055.1) 0.01 Figure 1 . Molecular phylogenetic analysis by maximum likelihood METHOD. The evolutionary history was inferred by using the maximum likelihood method based on the Kimura 2-parameter model (Kimura, 1980) . The tree with the highest log likelihood (-1568.4754 ) is shown. Initial tree(s) for the heuristic search were obtained by applying the Neighbor-Joining method to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 1.0318)). The rate variation model allowed for some sites to be evolutionarily invariable ([+I], 63.0450% sites). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 36 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 568 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013) . 
Bioassays for AHL synthesis
All isolates were analyzed by bioassays using two different AHL reporter bacteria C. violaceum 026 (CV026) and A. tumefaciens KYC55. Based on the intensities, the responses in the AHL-monitor systems were evaluated with -, + or ++, with ++ being most intensive and -with negative response.
In well-diffusion assay and streaking assay with CV026, all the isolates produced colorless colonies. These results indicate that, none of the obtained isolates produced short chain (C4-C6) AHL molecules under the used laboratory conditions (Figure 2 ). In addition, twelve isolates activated KYC55 and gave blue color in well-diffusion assay and double-layer plate method with KYC55. While eleven isolates activated KYC55 in well-diffusion assay only and eleven isolates activated it in double-layer plate method only (Figure 2) .
On the other hand, thirty two isolates gave negative results with the two bioreporters in all assays methods, and this indicates that, none of these isolates produced neither short (C4-C6) nor moderate (C6-C14) chain AHL molecules under the used laboratory conditions ( Figure  2 ).
DISCUSSION
Each sponge yield different number of bacterial isolates, in which it is thought that, various sponge species select different species of microorganism according to its ecological needs in the surrounding environment (Mohamed et al., 2008; Radwan et al., 2010) .
The isolates present in this study were found to be closely related to various Gram-negative and Grampositive species, and this indicates that diverse species could potentially colonize marine sponges in a symbiotic relationship, which have benefits on both members (Hentschel et al., 2002) . Our 16S rDNA sequence analyses results differ from those obtained by Radwan et al. (2010) , this difference may be due to the following factors; different collection sites of sponges, different environmental factors, different depth and different sponge species. These differences between the two studies assure the hypothesis that, sponge-specific microbial population exist in various sponges and are curiously different from seawater bacterioplankton, both in the concentration and diversity (Hentschel et al., 2003; Hentschel et al., 2006; Taylor et al., 2007) . Moreover, it could be shown that the sponge-specific microbial consortia are stable over the course of time and space (Hentschel et al., 2002) .
In this study, polymerase chain reaction was carried out for the amplification of luxS and luxR genes. From analysis, partial luxS gene sequences were detected in both Gram-negative and Gram-positive species, thus our results assure the fact that LuxS enzyme has been identified in both Gram-positive and Gram-negative bacteria and has been proposed to be a universal interspecies signaling molecule as reported in previous studies (Bassler et al., 1997; Xavier et al., 2005) .
Also, the LuxS genes were diverse among species present in this study, thus our results extend the known diversity of LuxS gene. This diversity of luxS genes in our study agree with previous studies (Gattiker et al., 2002; Zan et al., 2011) which reported that, LuxS genes are greatly divergent among Gram-positive and Gram-negative bacteria, but may have the same functions and are considered to be conserved in many bacterial species.
Partial LuxR genes were detected in the all tested Gram-negative bacteria present in this study which prove that, LuxI/LuxR-type quorum sensing is the most widely distributed and used quorum sensing system among Gram-negative bacteria, which use AHL as signaling molecules and this were reported by previous studies (De Kievit et al., 2000; Fuqua et al., 2002) .
Also, partial LuxR gene sequences were diverse among bacterial species present in this study, which indicate that, every bacterial species has its unique LuxRtype receptor protein, that respond to specific type of acyl-homoserine lactones which could explain why acylhomoserine lactones are not a universal language among different bacterial species. Jimenez et al. (2012) reported that, each bacterial species carries a cognate synthase/receptor pair that produces and responds to a specific AHL molecule.
This study showed that, P. mirabilis strain SZH18, P. vulgaris and Bacterium NLAE-zl-H221 have both luxS and luxR genes, thus we claim that, these isolates have the potential to use two different QS systems, the LuxS system that enables them to communicate with other species and the LuxR/I system which is species-specific and intended for intraspecies communication. Pesci et al. (1999) reported that, the same bacteria could utilize more than one quorum sensing system to regulate cell-cell communication, bacterial colonization of higher animals, symbiotic interactions between bacterial species and their hosts, gene expression or some of the vital interactions. For example, Pseudomonas aeruginosa utilize three types of QS systems; the rhl system, las system and a third one which is non-AHL quorum-sensing system that arises via members of quinolone compounds known as 4-hydroxy-2-alkylquinolines (HAQs).
Another example, is the V. cholerae, which is a Gramnegative bacterium, was found to produce and respond to two autoinducers via the using of two parallel QS systems. One autoinducer is CAI-1 (Higgins et al., 2007; Ng et al., 2011; Wei et al., 2011) . The second one is AI-2 that is encoded by LuxS gene (Surette et al., 1999; Schauder et al., 2001b; Chen et al., 2002) . Thus, using two different AIs enables V. cholerae to sense both other Vibrios and other bacterial species within an environment.
In the light of our results, we support the hypothesis that, the QS is thought to play a role the symbiotic interactions between bacteria and their sponge hosts or some of the important interactions among sponge microbiota, such as the production of bioactive compounds (Taylor et al., 2004; Mohamed et al., 2008) .
With CV026, all the marine isolates produced colorless colonies. This means that none of these marine isolates produced short chain AHL molecules under the used laboratory conditions. Thirty four isolates gave blue color with KYC55 and reported as AHL+ and this mean that these isolates produce medium-chain-length AHLs (C6-C12).
As expected Gram-positive species gave negative results with the two biosensor strains and this assure the fact that, Gram-positive species produce and respond to oligopeptides not AHLs (Thoendel et al., 2010) .
The thirty two which gave negative results with the two bioreporters used in this study, under the used laboratory conditions did not mean that, they do not have quorum sensing system instead they may produce long chain AHLs, which was not recovered in this study or they produce either short or moderate chain AHLs but in conditions differ from that used in the laboratory. Redfield (2002) reported that, quorum sensing is affected by the environmental conditions and these environmental conditions that stimulate or inhibit quorum sensing production is still unclear and need further investigations Mohamed et al. (2008) reported that, it is important to note that the AHLs bioassay will detect only AHLs produced under the used laboratory conditions. There is strong evidence that AHL production can be tightly controlled by environmental conditions involving hostreleased signals and nutritional status. And their results in AHLs bioassay might therefore be an underrepresentation of the real prevalence of AHL production. This report was supported for the following reason; in our study we noticed that only three isolates from those which were proven to have LuxR gene activated KYC55 and gave blue color, while the other 4 isolates gave negative results with the two bioreporters, although they have luxR gene.
Conclusion
From 16S rDNA sequence analyses, the isolates are closely related to various Gram-negative and Gram-positive species and this indicates that various species could colonize marine sponges. This is in agreement with previous studies that sponge-specific microbial consortia are present in different sponges and are remarkably different from seawater bacterioplankton, both in terms of concentration and diversity. Moreover, it could be shown that the sponge-specific microbial consortia are stable over time and space.
Partial LuxS gene sequences were detected in both Gram-negative and Gram-positive. Our results thus assure the fact that LuxS enzyme has been identified in both Gram-positive and Gram-negative bacteria and has been proposed to be a universal interspecies signaling molecule. luxS genes are highly divergent among gramnegative and gram-positive bacteria but might have similar functions.
This study showed that, P. mirabilis strain SZH18, P. vulgaris and Bacterium NLAE-zl-H221 have both luxS and luxR genes, thus we claim that, these isolates have the potential to use two different QS systems, the LuxS system that enables them to communicate with other species and the LuxR/I system which is species-specific and intended for intraspecies communication.
The knowledge obtained from this study will be useful for further research on the roles of different QS signal molecules in the colonization on sponge hosts by different bacterial species and on the health and nutrition of sponges.
